Abstract. The three Barnett-Lothe tensors S, H, L, appear very often in the solutions to two-dimensional anisotropic elasticity problems. So do their associated tensors S(9), H(0), L(0) for line forces and dislocations and S(v), H(i>), L(v) in the problem of surface waves. Explicit expressions of the components of these tensors are derived and presented for orthotropic materials in which the planes of material symmetry coincide with the coordinate planes. With minor modifications, the results for S, H, L and S(0), H(0), L(0) can be applied to orthotropic materials in which only the X3 = 0 plane coincides with one of the planes of material symmetry.
n,(6) -(cos 6, sin 9,0), w,(0) = (-sin 9, cos 9,0), The three complete integrals S, H, L are the Barnett-Lothe tensors [1] . The tensor -L-1 was first introduced by Stroh who denoted it by B in [2] . The Barnett-Lothe tensors and their associated tensors S(0), H(0), L(0) appear often in the solutions to two-dimensional anisotropic elasticity problems [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , Other related tensors S(v), H(i>), L(u), where v is the real wave speed, appear in the problem of steady state moving line dislocations and Rayleigh surface waves [4, [7] [8] [9] . We generalize Q(0), R(0), T(0) of (1. 
1.7)
We see that S, H, L are a special case of S(v), H(u), L(u) with v = 0. Explicit expressions of S(0), H(0), L(0) for isotropic materials can be obtained easily by integrating (1.5). For S{v), explicit expressions are available for orthotropic materials [16] , cubic materials [8, 16] , and for transversely isotropic materials [17] is which the axis of symmetry is in the (X\,X2) plane or the (jci,^) plane. Recently, Chadwick [18] obtained explicit expressions of S(u) for monoclinic materials for which the plane of symmetry is at *3 = 0.
In this paper we give explicit expressions for S, H, L, S(0), H(0), L(0), S(v), H(f) and L(f) for orthotropic materials. We obtain the expressions not by integrations, but by identities which relate these tensors to certain combinations of eigenvalues and eigenvectors of 6 x 6 matrices N of elastic constants to be defined later. Basic equations and the eigenvalues and eigenvectors of the elastic constants are presented in Sec. 2 and 3. Since S, H, L are the simplest and are special cases of 5(0), H(0), L(0), when 0 = n, or S(v), H(v), L(v), when v = 0, we present the derivations of S, H, L in Sec. 4 . This serves as a basis for the derivations of the more complicated tensors S(0), H(0), L(0) in Sec. 5. In the derivations we assume that the planes of material symmetry of the orthotropic material coincide with the coordinate planes. In Sec. 6 we present modifications required when only the x3 = 0 plane coincides with one of the planes of material symmetry. Finally in Sec. 7 we derive explicit expressions for the components of S(v), H(i>), L(u) for orthotropic materials whose planes of material symmetry are the coordinate planes.
2. Basic equations. Instead of the integral representation for S, H, L, we consider an algebraic representation which avoids the integration. Let pa and a", (a = 1,2,..., 6) be the eigenvalues and eigenvectors of the following equation in which b" is related to a" through (2.3), it can be shown that [7] S = /(2ABr -I), 1 It should be pointed out that (2.5) hold when N is simple or semisimple. Modifications required when N is nonsemisimple can be found in [20] . Assuming that N is simple, we will use (2.5) to derive S, H, L, explicitly in terms of the elastic constants Cijks' After we have obtained the results which do not contain p", a", b" explicitly, the problems associated with nonsemisimple N disappear and the results apply to nonsemisimple N as well. Equations (2.5) show that we need the eigenvectors a" and b". This is presented in the next section.
In closing this section, we note that the three tensors S, H, L are not independent of each other. They are related by HL -SS = I, SH + HSr = 0,
More studies of the relationships between these tensors and their structure and invariance properties can be found in [21, 22] , 3 . The eigenvalues and eigenvectors for orthotropic materials. Using the contracted notations, we replace C,^j by a 6 x 6 symmetric matrix Cap. Assuming that the planes of material symmetry of the orthotropic material coincide with the coordinate planes, Ca/j vanishes whenever a or P assumes the value of 4, 5, 6, except C44, C55 and C66-For the two-dimensional deformations considered here, the necessary and sufficient conditions for the strain energy to be positive are
Equations (3.1) 1 and (3.1)5 imply that C22 > 0 and that
Equation ( where a + ft can be shown to be positive (see (5.5) and (4.2)).
The minus sign in (3.6)2 can be justified as follows. We see from (3.5) that p\ and p\ are real or complex conjugates depending on a2 > /?2 or a2 < /?2. Noticing that the imaginary parts of pi, p2 are positive, we conclude that p\, p2 have the form 4. Explicit expressions for S, H, L. When we substitute (3.8) and (3.9) into (2.5), each component of the matrices S, H, L has the factors k2, k2, k$ which can be eliminated by using (3.10). The results contain the terms P1P2, {Pi +P2), and (pj+pl) which are given in (3.6) and (3.7). Thus all components of S, H, L can be obtained in terms of Cap only. We list below explicit expressions of S, H, L. Only the nonzero components are presented. From (3.1) and (3.2), all quantities in (4.2) are positive except a, and y_ which can be negative. It can be shown that a > 0 when y_ < 0.
5. Explicit expression for S(0), H(0), L(0). In this section we consider the functions S(0), H(0), L(0) defined in (1.5). They appeared, among others, in the problems of line forces and dislocations [3, 6, 10, 15] and the wedges [6, 12] . As before, we will employ an alternative representation for these tensors. We notice that N, (0) 0 < Si < i for 0 < 0 < < <*3 < 1, for^ < 0 < re, 0 < S4 < for 0 < 0 < y, < <54 < 1, for ^ < 0 < re.
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Three special cases should be noted. In the first, when 0 = re, O, F1, r2 all vanish and r3 = r+,S4 = 1. The results presented here reduce to (4.1).
The second special case is the degenerate case y_ = 0, which corresponds to p\ = (9), H(9), L(9) referred to a rotated coordinate system. In applications, the planes of symmetry for orthotropic materials may not coincide with the coordinate planes. If the X3 = 0 plane is the only plane which coincides with one of the planes of material symmetry, there is a simple relation by which S*, H*, L*, and S*{9*), H*(0*), L*(9*) referred to this new coordinate system x* can be obtained in terms of S, H, L, S(0), H(0), 1 (6) . The 3x3 matrix Q*(9*) referred to the x* coordinate system is Q*k(e*) = qjksrij{d*)ns(9*), Noticing that Qjq(9o)nj(9*) = nq(8o + 9*), we have Q*(6r) = n(0o)Q(0o + 0*)«r(0o). 
Explicit expressions for S(v), H(w), L(i>)
. For a steady wave motion in the X\-direction with a constant subsonic speed v, it can be shown [7] that an alternate representation of (1.7) is given by (2.5) provided that we replace (2. One does not have to find the explicit expressions of S, H, L, or S(v), H(t>), L(v) to realize that the number of independent parameters for orthotropic materials is four. It is shown in [23] that the number of independent parameters for monoclinic materials is five if the X3 = 0 plane is the plane of symmetry and six if the x\ = 0 or X2 -0 plane is the plane of symmetry. The number increases to nine for general anisotropic materials.
